Differences in reported uptake of genetic testing for mutations in BRCA1 and BRCA2 can largely be accounted for by different methodologies and by studying research vs nonresearch families. In our joint study of 75 nonresearch families from two UK centres in which at least 3 years had elapsed since the initial proband had been informed of the availability of testing, only 45 and 34% of eligible individuals from Manchester and London, respectively, had come forward for counselling. Final uptake rates using a nonproactive approach were 53 and 29% for women and 11-12% for men, but the figure among those attending clinic was 73 and 62%, respectively. Unlike previous studies, we did not find that uptake had stabilised after a year with 25% of those being tested more than 2 years after the family was informed, and several delaying a considerable time between genetics appointments. We believe that the particularly low uptake even of counselling in men may need to be addressed by improving family communication or providing information sheets for family members to disseminate.
Introduction
Once a mutation of BRCA1/2 is identified in a family, every individual in that bloodline has, in theory, the opportunity to have a genetic test. Each person can choose to have the test, to refuse the test, to postpone, or not even to attend genetic counselling to discuss these options. Previous experience with other dominantly inherited adult-onset genetic disorders suggests that many at-risk individuals will decide not to pursue predictive testing, in spite of the potential advantages in terms of screening and early detection of tumours.
Within publicly funded health systems, it is useful for service providers and budget holders to have an estimate of uptake of all the important steps of predictive testing: counselling, follow-up, and the genetic test itself. Previous studies of families participating in research programmes have demonstrated variable uptake rates, 1 -3 but the results are hard to interpret because of methodological differences between the study protocols.
In the simplest terms, the level of uptake of a test is the number of family members who opt for testing, divided by the number of people at risk and aged 18 years or more. The ideal way to measure uptake would involve contacting all family members to offer counselling and testing. However, in routine clinical practice, family members unknown to the clinic are not approached directly about their risk or invited to attend. This practice respects the confidentiality of patients, and instead relies on family members to disseminate the information in circumstances they judge best to avoid generating undue anxiety or distress. It is therefore impossible to know whether family members who are not in contact with the clinic have made an informed decision not to attend or whether they are simply unaware of either the family history or the availability of a predictive test.
These differences in clinical approach and research methodology, together with the usual variation in family communication and dynamics, may affect the numbers of persons attending for counselling, and therefore the size of the 'unknown' group, in different studies. While it is important to know what proportion of clinic attendees will proceed with testing, the 'unknowns' must also be considered, as they are potential future patients.
The most difficult aspect of measuring uptake is the definition of the population eligible for testing. Should it be defined in terms of the family, or those at-risk individuals seen at a particular clinic? In situations where a test is only offered as part of a study protocol, and an active approach is made to recruit family members to the study, these are one and the same. However, in routine clinical practice, mutations are found in one affected individual, and information is allowed to disseminate naturally through the family. Some studies attempt to estimate uptake at a specific time point, which fails to take into account other life events that may influence uptake. It may therefore be more revealing to consider the rate of uptake over time, and how this is influenced by factors such as age and life changes such as marriage and reproductive decision-making.
An alternative strategy would be to measure uptake as a proportion of those eligible individuals who have attended clinic, rather than of the whole family. This then ensures that an individual is aware of their family history and the subsequent implications. This method has the advantage that it is possible to record precisely the time taken from the commencement of counselling to a decision to proceed for each individual in the study.
Another difficulty is the decision as to who is eligible for presymptomatic testing? The simplest method is to count everybody in the bloodline of the family, but it is not usual practice to test those under the age of 18 years or those unable to give informed consent due to mental health or learning problems. When calculating uptake among patients of one particular clinic, family members resident in another region or country become ineligible for testing by that clinic. Furthermore, it is unnecessary to test the children (and grandchildren) of anybody found to be a noncarrier.
We have assessed uptake using different approaches in two NHS clinic settings and compared this to previous reports in the literature, bearing in mind the difficulties discussed above.
Methods

Subjects
Uptake was assessed in 75 families with mutations identified and communicated to the original affected proband (and other family members who had previously attended for counselling) before 1st September 1999. In all, 51 families were recruited from the genetic counselling clinics in Manchester and 24 from the Royal Marsden Hospital (RMH) in London.
Families were excluded if they had been involved in previous research where blood samples were taken from unaffected family members or where the majority of at-risk family members resided outside the regional catchment areas. Individuals under 18 or over 70 years of age, nonregional residents, and the children of those receiving favourable predictive test results were also excluded. Genetic counselling was based on a modified Huntington protocol with an initial information session, followed by a first pretest session in which the test itself was discussed and a second session at which blood could be drawn for testing. A results session during which follow-up is planned is also integral. All individuals undertaking tests prior to 1st September 2002 were included.
Families are initially informed of the possibility of mutation testing through an affected proband or probands who have donated blood for mutation testing. With the permission of these individuals, family members who have already attended clinic are informed of the potential for a predictive test. The probands are encouraged verbally and in writing to disseminate information to other family members and often use their personal letters as a source of information. Other family members who attend for counselling are also encouraged to contact potentially eligible family members and transmission through males is emphasised. However, if the family make no further contact, no active measures are taken to chase up family communication. No specific information sheets were used during the time course of this study.
For the purposes of this study, eligible individuals were those who had been identified on the family pedigree in each vertical bloodline at high risk of inheriting the mutation, that is, those at 50% risk, or those at 25% (or 12.5%) risk where the intervening generation was unavailable for testing. We were reliant on the family members to inform us of the existence of such people, but family trees were purposefully extended as far as possible. Uptake was defined as the number of people tested divided by the number of people who could potentially be tested. For the purpose of this study, a predictive test was defined as a test for a known family mutation in an unaffected at-risk individual. We have therefore excluded individuals not fulfilling this criterion. Finally, any obligate carriers were said to be ineligible for inclusion in the denominator of the uptake calculation, as their status was in effect known by default.
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Results
Manchester
As of 1st September 1999, 83 families had been informed of the presence of a BRCA1/2 mutation and notified of the availability of presymptomatic testing in Manchester. The test result was initially conveyed to the affected proband and permission was asked to disseminate the information to family members already known to the clinic. We excluded eight families involved in previous proactive psychosocial studies examining uptake. 1 -5.8 ) from the time the family were informed, but 27% (27/99, of whom 24 were women) did not undergo testing until 2 or more years after the family was first informed. Two further patients (one male and one female) had booked appointments for their final pretest counselling session more than 4 years after their families were first informed. One of the 16 individuals eligible due to a parent with an unfavourable predictive test result has herself now had a test.
Of those over 70 years, 40% (9/22) have undergone testing; 45% (5/11) of males in this age group have been tested.
Royal Marsden hospital
Uptake at RMH was much lower. Only 21% (18/85) of eligible individuals have opted for testing to date, between 0.1 and 4.1 years after their family was informed of the risk. The mean interval to testing was 1 year and 2/18 (11%) delayed more than 2 years. Uptake in women was 28%, while 11% of men took the test. However, the number of eligible second-degree relatives (SDR) and more distant relatives was very small (24/85 (28%)) compared to 159/ 299 (53%) in Manchester. The results are summarised in Table 1 . actual uptake is 10 -20%. 7 -9 This is probably related to the inevitability of the condition along with a lack of preventive/curative measures. A Finnish study of uptake of predictive testing for hereditary nonpolyposis colorectal cancer (HNPCC) showed a rate of 88% of the study sample, qualified as 75% of the whole sample (including nonresponders) and redefined as 96% of those who attended for the first counselling session. 10 This involved one-to-one counsel- In general, for late-onset conditions, the experience of presymptomatic genetic testing suggests that the better the prognosis and preventative measures, the higher the rate of uptake. However, if screening or preventative measures are unavailable, careful nondirective counselling often results in fewer family members taking the test.
Prior to the detailed characterisation of BRCA1 (and the discovery of BRCA2), a number of studies focused on individuals with a proven family history of breast and ovarian cancer. These studies suggested high reported rates of interest (definite or probable) between 76 and 95%. 13 -16 A number of reports that specifically deal with the rate of utilisation of BRCA1/2 testing have arrived at a variety of different figures (Table 2) , the lowest and highest quoted being 27 and 84%, respectively. Both these figures are from Julian-Reynier et al, 17 illustrating that these 'headline rates of uptake' can be very different, depending on the population included and the study protocol.
With active recruitment, it is easier to ensure that every eligible family member is aware of their personal risk and of the availability of a test. In these studies, the range of attendance is 39% (one family) to 70%. A recent update on a large kindred from Utah showed similar uptake in fully informed men of 52% compared to 55% for women. 18 In the studies of families where fewer informative interventions have been recorded, there is much greater agreement, with 32% attendance in France 17 and 34% in Israel. 19 This is comparable to our data, with our non-proactive approach resulting in 45 and 34% of unaffected relatives attending clinics in Manchester and London, respectively. In general, therefore, it could be suggested that one-third to one-half of family members attend for counselling spontaneously; however, without a proactive approach, we cannot know for sure what proportion of family members are aware of the option of counselling. This then raises the issue of whether it is the clinician's responsibility to ensure that every family member is aware of their risk status. This important question merits further debate.
Once an individual has come forward for counselling, they are much more likely to proceed than to decline testing. Of the six reports 1,2,17,20 -22 that discussed this, there was broad agreement that 78 -99% of those attending clinic or research education sessions will proceed to testing. This compares to only 73% in Manchester and 62% in London in our clinic-based series. Overall, the method of initiating attendance appears not to impact on the rate of test utilisation. However, it must be remembered that those unwilling to undergo testing are more likely to refuse to participate in research or to not make contact spontaneously, and so will not attend. One of the interesting aspects about genetic testing is the length of time taken from the family receiving information about the availability of the test to an individual proceeding with testing. Meijers-Heijboer et al 23 demonstrated that the rate of uptake had stabilised in their study by 24 months. However, in this study, the mean follow-up time from identification of a family mutation was only 26 months. Anecdotal evidence suggests that some individuals will postpone testing for considerable periods. In our study, 20% of individuals who eventually undertook testing did so 2 years or more after the family was informed. Different studies of uptake use differing eligibility criteria. These definitions range from being the first-degree relative (FDR) or SDR 17 of the affected proband (ie having a risk of inheriting the mutation of 50 or 25%) to a much looser definition such as 'being a member of the extended family'. This does then cause problems when comparing results between families. However, looking at studies confining eligibility to those at 50 or 25% risk, 17, 19, 23 40 -44% of counselees at 50% risk attended for counselling, with 36% proceeding to testing. The proportion of those at 25% risk seen/tested was considerably lower. This is somewhat different from our findings where degree of relationship did not matter for women, although there was some drop off in testing for men. In general, women tend to proceed with predictive testing more often than men. Of all the studies measuring BRCA1/2 predictive testing L Brooks et al uptake, overall the ratio of women to men tested appears to be approximately 3:1. It is difficult to be more precise than this because of the varying study methodologies. This is not surprising given the differing health implications of carrying a BRCA mutation between males and females. Our own figures would support these levels of uptake. Our previous study of five families showed a 40% uptake in males compared to 60% in women. 4 This dropped in this current study to an uptake of only 11 -12% in men as compared to 30 -50% in women. What is not so clear is whether the poor attendance rates for men is due to disinterest, the perception that the test is irrelevant or poor communication within the family. The high uptake in fully informed men from the Utah study 18 would suggest that communication or the lack of it may be the cause. While nonparticipants can be identified within research projects and study families, this is not possible in clinical practice. Without records linked between regional centres, it is difficult to ensure that every individual is aware of their risk or the opportunity to attend counselling. In all, 14% of breast cancer patients in a survey 15 refused to contact their relatives. In this study, it is then impossible to say if patients have not come forward for testing because they actively have declined testing or because they are unaware of the availability of the test. A few previous studies have been able to obtain useful data about the nonattenders. Smith et al 21 report that nonparticipants are younger (o35) when the risk may not seem as important personally. It may be that at this stage the impact on children is not perceived to be as great. It is striking that there is such a difference in the uptake in this study between the two centres, with uptake for women in Manchester at 53% as compared to 29% in London. The higher uptake of testing in Manchester may reflect a more coherent family structure in the North West where many women in each family support each other through the process. The small numbers for the London families, particularly of more distant relatives, possibly reflect the more dispersed nature of family members. This may then have an impact upon family communication.
Anecdotally from the North West of England, it does appear that family members like to communicate 'bad' or upsetting news face-to-face, which is potentially more problematic if families are geographically spread. Manchester offers a regional genetic register to stay in contact with families (both tested and untested individuals) and this may prompt more family communication, as consenting individuals are written to on an annual basis. However, no active measures are taken to approach individuals not known to the clinic. We have not attempted to compare results in this paper with those from centres offering mutation screening to unaffected relatives where there is no known family mutation, as the denominator for attendance is not known, and because of the uncertainty of a negative test result. 24 The trends indicated above reflect the current experience, with the range of surveillance options that are open to today's patient. These may change and therefore increase or decrease levels of uptake particularly in women. The much lower uptake of presymptomatic testing in men is replicated by our study, but is even lower than would be expected from comparisons with studies with direct approaches. Use of family information leaflets has recently been welcomed by patients and may result in more relatives coming forward for information, if not genetic testing. Finally, many individuals wait 2 or more years before undertaking predictive tests, which is longer than previously suggested. This will obviously impact upon long-term planning for services.
